



















































Skill-Biased Technological Change:  
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Wklv sdshu fkdoohqjhv wkh frpprq ylhz wkdw vnloo0eldvhg whfkqrorjlfdo fkdqjh errvwv
zdjh lqhtxdolw|1 Lq d pxowl0vhfwru hfrqrp|/ uhodwlyh zdjhv ghshqg qrw rqo| rq uhodwlyh
surgxfwlylwlhv exw dovr rq uhodwlyh jrrgv sulfhv1 Li wkhu duh frpsohphqwdulwlhv ehwzhhq
jrrgv wkdw gr qrw ehqhw juhdwo| iurp whfkqrorjlfdo lqqrydwlrqv dqg rwkhu jrrgv
zkrvh surgxfwlrq frvwv idoo lq wkh frxuvh ri whfkqlfdo surjuhvv/ wkh uhodwlyh sulfh ri
wkhvh _orz0whfk% jrrgv ulvhv1 Li wkh surgxfwlrq ri wkhvh _orz0whfk% jrrgv lv lqwhqvlyh
lq wkh xvh ri xqvnloohg oderu/ xqvnloohg zrunhuv ehqhw iurp wklv lqfuhdvh lq wkh uhodwlyh
jrrgv sulfh1
Wklv sdshu suhvhqwv d vlpsoh wzr0vhfwru/ wzr0idfwru prgho ri shushwxdo h{rjhqrxv
vnloo0eldvhg whfkqrorjlfdo fkdqjh1 Wkh prgho lv deoh wr h{sodlq wkh lqfuhdvh lq zdjh
lqhtxdolw| lq wkh 4<;3v dqg wkh vxevhtxhqw vwdelol}dwlrq ri wkh zdjh vwuxfwxuh lq wkh
4<<3v1
Nh|zrugv= Vnloo0Eldvhg Whfkqrorjlfdo Fkdqjh/ Zdjh Lqhtxdolw|/ Idfwru Vxevwlwxwlrq
MHO Fodvvlfdwlrq= H57/ M64/ R63
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Wkh dlp ri wklv sdshu lv wr vkrz wkdw shushwxdo vnloo0eldvhg whfkqrorjlfdo fkdqjh +VEWF,
grhv qrw qhfhvvdulo| ohdg wr hyhu0lqfuhdvlqj zdjh lqhtxdolw|/ hyhq li zdjhv dqg sulfhv
duh shuihfwo| h{leoh dqg oderu vxsso| fdqqrw uhdfw wr fkdqjhv lq oderu ghpdqg1 Xqghu
sodxvleoh dvvxpswlrqv/ vnloo0eldvhg whfkqrorjlfdo fkdqjh lv vkrzq wr ohdg wr d ulvh dqg
vxevhtxhqw idoo lq wkh vnloo suhplxp/ d sdwwhuq wkdw lv frqvlvwhqw zlwk wkh dfwxdo hyroxwlrq
ri zdjhv lq wkh 4<;3v dqg 4<<3v1
Wkh uhfhqw frqvhqvxv vhhpv wr eh wkdw whfkqrorjlfdo fkdqjh kdv ehhq _vnloo0eldvhg% iru
wkh sdvw vhyhudo ghfdghv lq wkdw surgxfwlylwlhv ri pruh vnloohg zrunhuv kdyh lqfuhdvhg pruh
udslgo| wkdq wkrvh ri ohvv vnloohg zrunhuv1 Wkh udslg vsuhdg ri frpsxwhuv lq zrunsodfhv
kdv ehhq flwhg dv wkh h{dpsoh ri fkdqjhv lq whfkqrorj| wkdw errvw surgxfwlylwlhv ri vnloohg
zrunhuv zkloh ohdylqj wkh surgxfwlylwlhv ri wkh xqvnloohg yluwxdoo| xqdhfwhg1 Wklv _vnloo0
eldv% lq whfkqrorjlfdo fkdqjh kdv uhfhlyhg vr pxfk dwwhqwlrq ehfdxvhdoohjhgo|lw ohdgv
wr lqfuhdvlqj zdjh lqhtxdolw|1 Li zrunhuv duh sdlg dffruglqj wr wkhlu surgxfwlylwlhv/ wkh
dujxphqw jrhv/ fkdqjhv lq uhodwlyh surgxfwlylwlhv pxvw lpso| fkdqjhv lq uhodwlyh zdjhv1
￿
D qdwxudo txhvwlrq dulvlqj iurp wkhvh frqvlghudwlrqv lv= Zkdw zloo kdsshq/ li whfkqrorjlfdo
fkdqjh frqwlqxhv wr eh vnloo0eldvhgB Juhjj dqg Pdqqlqj +4<<:, duh txlwh shvvlplvwlf derxw
wkh orqj0uxq survshfwv iru xqvnloohg zrunhuv=
_Dv wkhuh lv qr uhdvrq wr wklqn wkdw wkhvh wuhqgv zloo qrw frqwlqxh lqwr wkh
ixwxuh/ lw pxvw eh dqwlflsdwhg wkdw wkh oderxu pdunhw srvlwlrq ri wkh xqvnloohg
zloo frqwlqxh wr ghwhulrudwh1% +Sdjh 44:9,
Vlploduo|/ Qdkxlv dqg gh Jurrw +5336, dujxh wkdw 111
_111 dq reylrxv frqfoxvlrq lv wkdw wkh ghpdqg iru vnloo zloo frqwlqxh wr jurz
dqg wkdw wkh vxsso| ri vnloo fdq qr orqjhu dffrpprgdwh wklv lq wkh qhdu ixwxuh
gxh wr wkh vlpsoh idfw wkdw wdohqw lv olplwhg e| qdwxuh dqg wkdw wkh frvw ri
lqfuhdvlqj wkh vxsso| ri vnloov ixuwkhu lqfuhdvhv h{srqhqwldoo|1% +Sdjh ;,
Lq wklv sdshu/ L vkrz/ wkdw wkhvh ylhzv duh ryhuo| shvvlplvwlf1 Hyhq li whfkqrorjlfdo fkdqjh
frqwlqxhv wr eh vnloo0eldvhg iru hyhu/ li zdjhv dqg sulfhv duh shuihfwo| h{leoh/ dqg li wkh
￿
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5vxsso| ri vnloov lv {hg/ zdjh lqhtxdolw| zloo prvw olnho| qrw lqfuhdvh zlwkrxw erxqgv1 Sur0
gxfwlrq idfwruv duh sdlg dffruglqj wr wkhlu pdujlqdo ydoxh zklfk lv pdujlqdo surgxfwlylw|
wlphv wkh rxwsxw sulfh1 Li pruh wkdq rqh jrrg lv surgxfhg dqg zrunhuv zlwk glhuhqw vnloov
kdyh glhuhqw frpsdudwlyh dgydqwdjhv lq surgxfwlrq/ wkh hhfwv ri whfkqrorjlfdo fkdqjh
rq rxwsxw sulfhv ehfrph uhohydqw1 Dqg li qdo jrrgv duh qrw hdvlo| vxevwlwxwdeoh/ whfk0
qrorjlfdo fkdqjh kdv frqvlghudeoh hhfwv rq uhodwlyh jrrgv sulfhv vr wkdw zrunhuv zkr gr
qrw ehqhw gluhfwo| iurp whfkqlfdo surjuhvv yld surgxfwlylw| jdlqv fdq ehqhw lqgluhfwo|
yld lqgxfhg fkdqjhv lq jrrgv sulfhv1
Wkh pruh uhfhqw olwhudwxuh rq zdjh lqhtxdolw| dqg vnloo0suhpld frqfoxghv wkdw wkh
zdjh vwuxfwxuh kdv lqghhg vwdelol}hg ru hyhq qduurzhg gxulqj wkh 4<<3v ghvslwh frqwlqxlqj
ru hyhq dffhohudwlqj dgydqfhv lq frpsxwhu whfkqrorj| lq wkh frxuvh ri wkh LW0ohg qhz
hfrqrp| errp=
_D nh| sureohp iru wkh VEWF k|srwkhvlv lv wkdw zdjh lqhtxdolw| vwdelol}hg lq
wkh 4<<3v ghvslwh frqwlqxlqj dgydqfhv lq frpsxwhu whfkqrorj|1%
Fdug dqg GlQdugr +5335,/ sdjh :661
￿
_Rxu uhvxowv iru wkh 4<<3*v vxjjhvw wkdw 111 wkh udslg jurzwk lq wkh uhodwlyh
zdjhv iru froohjh judgxdwhv kdv vorzhg vljqlfdqwo| ru lq vrph fdvhv pd| kdyh
hyhq vwrsshg vlqfh derxw 4<<71%
Pxusk| dqg Zhofk +5334,/ sdjh 6761
_Whfkqrorjlfdo fkdqjh lq wkh 4<<3v/ hvshfldoo| wkh odwh 4<<3v kdv qrw dgyhuvho|
dhfwhg orz0zdjh zrunhuv1 Wklv fdoov lqwr txhvwlrq zkhwkhu wkh dgyhuvh zdjh
wuhqgv iru orz0zdjh zrunhuv lq wkh 4<;3v zdv gxh wr qrq0whfkqlfdo idfwruv1%
Plvkho dqg Ehuqvwhlq +5334,/ sdjh 71
Pruh hylghqfh rq wkh qduurzlqj ri wkh zdjh vwuxfwxuh lq wkh 4<<3v lv jlyhq lq Ehuqvwhlq
dqg Plvkho +4<<<, ru Ndw} +5333,1 Pdfklq +5335, dqg Sudvdg +5335, rewdlq fruuhvsrqglqj
uhvxowv iru wkh hyroxwlrq ri wkh zdjh vwuxfwxuh lq wkh XN lq wkh 4<<3v1
￿
Vrph ri wkhvh
sdshuv fdoo lqwr txhvwlrq wkh uroh ri whfkqrorjlfdo fkdqjh iru wkh hyroxwlrq ri wkh zdjh
vwuxfwxuh lq wkh 4<;3v dqg 4<<3v +Fdug dqg GlQdugr +5335, dqg Plvkho dqg Ehuqvwhlq
+5334,,1 Rwkhuv +Pxusk| dqg Zhofk +5334,, k|srwkhvl}h wkdw lqfuhdvhg vxsso| ri vnloohg
zrunhuv lq wkh 4<<3v kdv frpshqvdwhg wkh vnloo0eldv lq oderu ghpdqg =
_Wkh vwru| zh suhihu lv rqh ri uhodwlyho| vwdeoh jurzwk lq wkh ghpdqg iru
￿
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6hgxfdwhg zrunhuv ryhu wkh sdvw wkuhh ghfdghv zlwk xfwxdwlqj vxsso| jurzwk
jhqhudwlqj wkh revhuyhg sdwwhuq ri fkdqjhv lq zdjh suhplxpv1% +Sdjh 678,
Wklv odwwhu ylhz lv kdug wr uhfrqfloh zlwk wkh hpslulfdo hylghqfh1 Dxwru/ Ndw}/ dqg Nuxhjhu
+4<<;,/ hj/ uhsruw fkdqjhv lq wkh uhodwlyh vxsso| ri vnloohg zrunhuv ryhu wkh sdvw vhyhudo
ghfdghv1 Wkh qxpehu ri froohjh judgxdwhv uhodwlyh wr wkh qxpehu ri kljk vfkrro judgxdwhv
dqg gursrxwv kdv ulvhq vkduso| lq wkh 4<:3v dqg rqo| prghudwho| lq wkh 4<;3v zklfk lv
frqvlvwhqw zlwk Pxusk| dqg Zhofk*v vwru|1 Exw gxulqj wkh 4<<3v/ wkh jurzwk udwh ri
wkh uhodwlyh vxsso| ri froohjh yv= qrq0froohjh judgxdwhv kdv idoohq ixuwkhu +vhh Wdeoh 4,
zkloh wkh vnloo0suhplxpghshqglqj rq krz lw lv phdvxuhgkdv ehhq ulvlqj pruh vorzo|
ru hyhq ehhq idoolqj1 Wklv lpsolhv wkdw wkh vnloo0eldv lq whfkqrorjlfdo fkdqjh kdv hlwkhu
idghg ruiru vrph uhdvrqkdv qrw wudqvodwhg lqwr d vnloo0eldv lq oderu ghpdqg1















Vrxufh= Dxwru/ Ndw}/ dqg Nuxhjhu +4<<;,/ Wdeoh 41
Wklv sdshu suhvhqwv d prgho lq zklfk whfkqrorjlfdo fkdqjh frqwlqxhv wr eh vnloo0eldvhg/ exw
wklv vnloo0eldv lq whfkqrorj| grhv qrw wudqvodwh lqwr d shushwxdo vnloo0eldv lq oderu ghpdqg1
Wkh wkhruhwlfdo uhvxowv ri wklv sdshu duh frqvlvwhqw zlwk wkh dfwxdo hyroxwlrq ri wkh vnloo0
vshflf zdjh vwuxfwxuh ri wkh 4<;3v dqg wkh 4<<3v1 Lqlwldoo|/ vnloo0eldvhg whfkqrorjlfdo
fkdqjh kdv d vnloo0eldvhg hhfw rq oderu ghpdqg +uhvxowlqj lq ulvlqj vnloo0suhpld,/ exw dv
whfkqrorjlfdo fkdqjh frqwlqxhv wr eh vnloo0eldvhg/ wkh vnloo0eldv lq oderu ghpdqg glhv grzq
+dqg wkh zdjh vwuxfwxuh vwdelol}hv,1
Wkh uhdvrq iru wklv vhhplqjo| xqlqwxlwlyh uhvxow lv wkdw oderu ghpdqg ghshqgv qrw rqo|
rq oderu surgxfwlylw| exw dovr rq wkh rxwsxw sulfh ri wkh jrrg wkdw lv ehlqj surgxfhg1 Lq
pxowl0vhfwru hfrqrplhv/ uhodwlyh zdjhv duh wkhuhiruh ghwhuplqhg qrw rqo| e| uhodwlyh sur0
gxfwlylwlhv exw dovr e| uhodwlyh jrrgv sulfhv1 Lq wklv vhwwlqj/ wkh ghjuhh ri vxevwlwxwdelolw|
lq frqvxpswlrq ghpdqg lv dv lpsruwdqw iru wkh hhfwv ri whfkqrorjlfdo fkdqjh rq uhodwlyh
idfwru sulfhv dv wkh ghjuhh ri vxevwlwxwdelolw| lq idfwru ghpdqg1
Wkh hhfwv ri vnloo0eldvhg whfkqrorjlfdo fkdqjh kdyh prvwo| ehhq vwxglhg zlwklq wkh
7iudphzrun ri rqh0vhfwru prghov zkhuh wkh ohyho ri wkh rxwsxw sulfh lv luuhohydqw1
￿
Wklv
vlpsolfdwlrq lv _lqqrfhqw% li rqh ri wkh iroorzlqj wzr uhtxluhphqwv lv phw=
41 Whfkqrorjlfdo fkdqjh kdv wkh vdph hhfw rq doo vhfwruv +vr wkdw uhodwlyh jrrgv sulfhv
duh qrw dhfwhg e| whfkqrorjlfdo fkdqjh, ru
51 doo vhfwruv surgxfh zlwk wkh vdph uhodwlyh idfwru lqwhqvlwlhv +lq zklfk fdvh uhodwlyh
jrrgv sulfhv kdyh qr hhfw rq wkh uhodwlyh idfwru sulfh,1
L dujxh lq wklv sdshu/ wkdw lq uhdolw| qhlwkhu uhtxluhphqw lv phw1 Whfkqrorjlfdo fkdqjh
dhfwv glhuhqw vhfwruv glhuhqwo| +wklqn ri vhuylfhv yv= LFW, dqg idfwru lqwhqvlwlhv glhu
dfurvv vhfwruv1 Li wkhuh duh frpsohphqwdulwlhv ehwzhhq wkh jrrgv iurp wkhvh glhuhqw
vhfwruv/ wkh uhodwlyh sulfh ri wkh _orz0whfk% jrrgv ulvhv lq wkh frxuvh ri whfkqlfdo surjuhvv1
Li wkh vhfwruv wkdw ehqhw uhodwlyho| pruh iurp whfkqlfdo surjuhvv duh vnloo0lqwhqvlyh/ wkh
ulvh lq wkh uhodwlyh jrrgv sulfh pd| rvhw wkh ghfolqh lq uhodwlyh surgxfwlylwlhv vr wkdw
wkh uhodwlyh zdjhzklfk lv wkh surgxfw ri erwkpd| ulvh1 L vkrz lq wklv sdshu wkdw
li wkh hodvwlflw| ri vxevwlwxwlrq ehwzhhq _kljk0whfk0vnloo0lqwhqvlyh% dqg _orz0whfk0xqvnloo0
lqwhqvlyh% jrrgv lv dw prvw htxdo wr 4> wkh ulvh ri wkh uhodwlyh sulfh ri wkh orz0whfk jrrg
ulvhv rvhwv wkh idoo ri wkh uhodwlyh surgxfwlylw| ri xqvnloohg oderu idoov lq wkh orqj uxq dqg
wkh zdjh vwuxfwxuh vwdelol}hv1
Ohdphu +4<<9,/ Ohdphu +4<<:,/ Vodxjkwhu dqg Kdvnho +4<<<,/ Kdvnho +5333,/ dqg Kdvnho
dqg Vodxjkwhu +5335, vwxg| wkh hhfwv ri whfkqrorjlfdo fkdqjh rq wkh zdjh vwuxfwxuh lq
pxowl0vhfwru hfrqrplhv1 Ohdphu frqvlghuv d wzr0vhfwru hfrqrp| lq dq hqylurqphqw zlwk
whfkqrorjlfdo fkdqjh dqg iruhljq wudgh1 Ohdphu*v dqdo|vlv glhuv iurp plqh lq vhyhudo
uhvshfwv= Kh frqvlghuv d vpdoo rshq hfrqrp| zkhuh jrrgv sulfhv duh h{rjhqrxv zkloh lq
wklv sdshu/ wkh hqgrjhqrxv uhdfwlrq ri jrrgv sulfhv wr whfkqrorjlfdo fkdqjh lv fuxfldo iru
wkh hhfwv rq idfwru sulfhv1 Ixuwkhupruh/ kh uhvwulfwv wkh dqdo|vlv wr d Ohrqwlhi whfkqrorj|
zkhuh idfwruv duh shuihfw frpsohphqwv1 Lq frqwudvw/ L frqvlghu vxevwlwxwdelolw| ehwzhhq
surgxfwlrq idfwruv lq dffrugdqfh zlwk wkh hpslulfdo hylghqfh1
￿
Wkh irfxv ri Ohdphu*v
sdshu glhuv iurp wklv sdshu lq wkdw kh lv _lq vhdufk iru Vwroshu0Vdpxhovrq hhfwv rq
zdjhv%1 Kh vwxglhv wkh hhfwv ri wudgh +dqg whfkqrorj|, rq idfwru sulfhv zklfk lv zk|
kh qhhgv jrrgv sulfhv wr eh h{rjhqrxv1 Vodxjkwhu dqg Kdvnho +4<<<, dqg Kdvnho +5333,
vwxg| wkh uhodwlyh lpsruwdqfh ri vhfwru0eldv dqg idfwru0eldv ri whfkqrorjlfdo fkdqjh lq
dhfwlqj wkh vnloo0vshflf zdjh vwuxfwxuh1 Wkh| ghulyh frqglwlrqv xqghu zklfk wkh idfwru0
eldv lv luuhohydqw dqg wkh hyroxwlrq ri vnloo suhpld lv ghwhuplqhg e| wkh vhfwru0eldv ri
whfkqrorjlfdo fkdqjh1 Wkhvh frqglwlrqv duh hvvhqwldoo|
 d kljk ghjuhh ri vxevwlwxwdelolw| ehwzhhq wkh wzr qdo jrrgv +pdfklqhu| dqg dssduho,/
 d kljk ghjuhh ri frpsohphqwdulw| ehwzhhq xqvnloohg dqg vnloohg oderu/ ru
 wkh h{lvwhqfh ri d qrq0wudghg vhfwru1
￿
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8Wkh| vkrz wkdw xqghu hlwkhu ri wkhvh dvvxpswlrqv/ whfkqrorjlfdo fkdqjh wkdw lv eldvhg lq
idyru ri wkh vnloo0lqwhqvlyh vhfwru ohdgv wr ulvlqj zdjh lqhtxdolw| luuhvshfwlyh ri d idfwru
eldv1 Kdvnho dqg Vodxjkwhu +5335, frqfoxgh wkdw wkh hyroxwlrq ri vnloo suhpld lq wkh 4<:3v
dqg 4<;3v fdq eh h{sodlqhg e| whfkqrorjlfdo fkdqjh wkdw zdv jhqhudoo| frqfhqwudwhg lq
xqvnloo0lqwhqvlyh vhfwruv lq wkh 4<:3v dqg lq vnloo0lqwhqvlyh vhfwruv lq wkh 4<;3v1 Wkhlu
vwxg| grhv qrw fryhu wkh 4<<3v zkhq vnloo suhpld vwdelol}hg ghvslwh frqwlqxlqj whfkqlfdo
surjuhvv lq wkh vnloo0lqwhqvlyh vhfwruv gxulqj wkh LW0ohg qhz hfrqrp| errp1
Txlwh frqwudu|/ L dujxh lq wklv sdshu wkdw whfkqrorjlfdo fkdqjh wkdw lv frqfhqwudwhg lq
wkh vnloo0lqwhqvlyh vhfwru dqg idyruv vnloohg oderu zloo xqghu sodxvleoh dvvxpswlrqv ohdg wr
d ulvh dqg d vxevhtxhqw idoo lq vnloo suhpld1 Wkhvh _sodxvleoh dvvxpswlrqv% duh
 frpsohphqwdulw| ehwzhhq wkh qdo jrrgv +hodvwlflw| ri vxevwlwxwlrq lq frqvxpswlrq gh0
pdqg vpdoohu wkdq ru htxdo wr 4,
￿
dqg
 vxevwlwxwdelolw| ehwzhhq xqvnloohg dqg vnloohg oderu +hodvwlflw| ri vxevwlwxwlrq lq idfwru
ghpdqg odujhu wkdq 4,
￿
1
Lq d uhfhqw sdshu/ Nrqjvdpxw/ Uhehor/ dqg [lh +5334, dovr frqvlghu wkh g|qdplfv ri
vhfwrudo idfwru uhdoorfdwlrq lq d pxowlsoh0vhfwru jurzwk prgho exw zlwk fdslwdo dqg oderu dv
wkh wzr idfwruv ri surgxfwlrq1 Zkloh lq p| sdshu wkh gulylqj irufh iru idfwru uhdoorfdwlrq
lv wkh glhuhqwldo lq surgxfwlylw| jurzwk/ lq wkhlu sdshu/ vhfwrudo idfwru uhdoorfdwlrq lv
wuljjhuhg e| jurzlqj lqfrph dqg glhuhqw lqfrph hodvwlflwlhv lq wkh ghpdqgv iru glhuhqw
jrrgv1 Dv frqvxphuv ehfrph ulfkhu/ wkhlu ghpdqg iru djulfxowxudo jrrgv jurzv ohvv wkdq
sursruwlrqdwho| zkloh wkh ghpdqg iru vhuylfhv jurzv pruh wkdq sursruwlrqdwho|1
￿
Erwk
wkhvh hhfwv duh suredeo| dw zrun lq wkh _uhdo zruog% dqg erwk ohdg wr hpsor|phqw jurzwk
lq vhuylfhv uhodwlyh wr pdqxidfwxulqj dqg djulfxowxuh1
Lq wklv sdshu/ L irfxv rq wkh orqj uxq survshfwv ri xqvnloohg zrunhuv lq wkh suhvhqfh ri
vnloo0eldvhg whfkqrorjlfdo fkdqjh1 L vkrz wkdw lq pxowl0vhfwru hfrqrplhv zkhuh whfkqlfdo
fkdqjh dhfwv glhuhqw vhfwruv glhuhqwo|/ vnloo0eldvhg whfkqrorjlfdo fkdqjh grhv qrw qhf0
hvvdulo| ohdg wr hyhu lqfuhdvlqj zdjh lqhtxdolw|1 Li wkhuh duh frpsohphqwdulwlhv ehwzhhq
wkh surgxfwv iurp wkhvh glhuhqw vhfwruv/ wkh uhodwlyh sulfh ri wkh _orz0whfk% jrrgv ulvhv lq
wkh frxuvh ri whfkqlfdo surjuhvv1 Li wkh _orz0whfk% vhfwruv duh xqvnloo0lqwhqvlyh/ wkh ulvh lq
wkh uhodwlyh jrrgv sulfh pd| rvhw wkh ghfolqh lq uhodwlyh surgxfwlylwlhv vr wkdw wkh uhodwlyh
zdjh ri xqvnloohg zrunhuvzklfk lv wkh surgxfw ri erwkpd| ulvh1
Wkh uhpdlqghu ri wkh sdshu lv rujdql}hg dv iroorzv= Lq Vhfwlrq 5/ L jlyh d vkruw looxv0
￿
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9wudwlrq ri wkh dujxphqw ri wklv sdshu xvlqj wkh h{dpsoh ri kdluguhvvhuv +zkrvh zdjhv jurz
ghvslwh wkh devhqfh ri surgxfwlylw| jdlqv,1 Lq Vhfwlrq 6/ d vlpsoh wzr0vhfwru/ wzr0idfwru
prgho ri h{rjhqrxv whfkqrorjlfdo fkdqjh lv ghyhorshg1 Zlwklq wklv edvlf prgho/ wkh vkruw0
dqg orqj0uxq hhfwv ri vnloo0eldvhg whfkqrorjlfdo fkdqjh duh glvfxvvhg lq Vhfwlrq 71 Vhfwlrq
8 glvfxvvhv wkh uhvxowv dqg frqfoxghv1
2 O@h_hitt?}G ? W**t|h@|i , @4T*i
_Kdluguhvvlqj kdv ehhq wkh xqqrwlfhg pludfoh lqgxvwu| ri wkh sdvw ghfdgh/
jurzlqj idvwhu wkdq dq| rwkhu XN vhfwru1 Dffruglqj wr wkh Oderxu I rufh
Vxuyh|/ wkh qxpehu ri kdluguhvvhuv juhz pruh wkdq 633 shu fhqw ehwzhhq 4<<5
dqg 4<<<1 Wkdw zdv pruh wkdq wkuhh wlphv wkh jurzwk ri frqvxowdqwv dqg kdoi
dv idvw djdlq dv wkdw ri vriwzduh hqjlqhhuv1 111
Krzhyhu/ wkh vxffhvv ri kdluguhvvhuv lv dw rggv zlwk hyhu|wklqj zh kdyh ehhq
ohg wr eholhyh derxw vxffhvvixo vhfwruv1 Iluvw lv wkh eholhi wkdw wr gr zhoo |rx
pxvw eh lqqrydwlyh ru kdyh h{sorlwhg whfkqrorjlfdo fkdqjh1%
+Oxf| Nhoodzd| lq wkh Ilqdqfldo Wlphv/ Mdq :/ 5335,
Krz fdq wklv dssduhqw sx}}oh eh h{sodlqhgB Pv Nhoodzd| uhfnrqv wkdw shrsoh duh mxvw
vwxslg hqrxjk wr sd| d wrr kljk sulfh iru d edg vhuylfh1 Wklv klqwv lqwr wkh gluhfwlrq ri
luudwlrqdo ehkdylru1 Zlwk wkh prgho suhvhqwhg lq Vhfwlrq 6/ wklv sx}}oh fdq eh h{sodlqhg
zlwklq wkh vwdqgdug iudphzrun ri udwlrqdoo| ehkdylqj djhqwv lq shuihfwo| ixqfwlrqlqj pdu0
nhwv1 Krz fdq wkh kdluguhvvlqj wudgh wkulyh zlwkrxw ehlqj lqqrydwlyh ru h{sorlwlqj whfk0
qlfdo surjuhvvB Kdluguhvvlqj fdq wkulyh rqo| li lw fdq dwwudfw kdluguhvvhuv e| sd|lqj wkhp
frpshwlwlyh zdjhv1 Dqg lqghhg/ dv fdq eh vhhq iurp Iljxuh 4/ wkh zdjhv iru kdluguhvvhuv lq
Zhvw Jhupdq|/ hj/ kdyh lqfuhdvhg hyhq idvwhu wkdq wkh dyhudjh zdjh ryhu doo rffxsdwlrqv
ehwzhhq 4<<5 dqg 4<<<1
￿
Exw krz fdq wkh zdjhv ri kdluguhvvhuv jurz lq wkh devhqfh ri dq|
qrwhzruwk| jdlqv lq oderu surgxfwlylw|B Wkh uhdvrq iru wklv lqfuhdvh lq wkh uhodwlyh zdjh
dqg wkh uhodwlyh vl}h ri wkh kdluguhvvlqj vhfwru lv ri frxuvh wkdw kdlufxwv duh frpsohphqwv
udwkhu wkdq vxevwlwxwhv wr rwkhu jrrgv +zklfk ehqhw iurp whfkqlfdo surjuhvv,1 Li kdlufxwv
frxog eh vxevwlwxwhg iru hdvlo| e| frpsxwhuv/ wkh lqfuhdvh lq wkh uhodwlyh surgxfwlrq frvwv
ri kdlufxwv zrxog gulyh wkhp rxw ri wkh pdunhw1 Exw frqvxphuv zdqw erwk/ frpsxwhuv dqg
kdlufxwv1 Dqg dv wkhlu lqfrphv ulvh/ wkh| duh zloolqj wr sd| pruh dqg pruh iru d kdlufxw1
Dffruglqjo|/ kdluguhvvhuv fdqqrw eh vxevwlwxwhg iru e| frpsxwhu hqjlqhhuv1 Wkhuhiruh/ wkh
odfn ri surgxfwlylw| jdlqv grhv qrw kdup wkhlu uhodwlyh srvlwlrq1 Wkh| ehqhw iurp wkh
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:Iljxuh 4= Lqgh{ ri krxuo| vwdqgdug zdjhv lq Zhvw0Jhupdq| +4<<4@433,1 Vrxufh= Vwdwlv0
wlvfkhv Exqghvdpw1
Lq wklv h{dpsoh/ lw lv udwkhu reylrxv wkdw wkh uhodwlyh zdjh ri kdluguhvvhuv grhv qrw
rqo| ghshqg rq wkhlu uhodwlyh surgxfwlylw| exw dovr rq wkh uhodwlyh sulfh ri kdlufxwv1 Wkh
srlqw ri wklv sdshu lv/ wkdwpruh jhqhudoo|wkh uhodwlyh zdjh iru xqvnloohg oderu ghshqgv
qrw rqo| rq wkh uhodwlyh surgxfwlylw| ri xqvnloohg zrunhuv exw dovr rq wkh uhodwlyh sulfh ri
wkh jrrgv lq zkrvh surgxfwlrq xqvnloohg zrunhuv kdyh wkhlu frpsdudwlyh dgydqwdjh1
 Ai @tU L_i*
L vwxg| wkh jhqhudo htxloleulxp ri dq hfrqrp| zlwk wzr frqvxpswlrq jrrgv l @ 4> 5 +hj/
vhuylfhv dqg pdqxidfwxuhg jrrgv, zklfk duh surgxfhg xvlqj wzr idfwru lqsxwv m @ 4> 5
+hj/ xqvnloohg dqg vnloohg oderu,1 Erwk w|shv ri lqsxw idfwruv duh vxssolhg e| d frqwlqxxp
ri krprjhqhrxv frqvxphuv1 Erwk frqvxpswlrq jrrgv duh surgxfhg e| d frqwlqxxp ri
krprjhqhrxv upv1 Frqvxphuv dqg upv dfw dv sulfh0wdnhuv rq lqsxw dqg rxwsxw pdunhwv1
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;Qhlwkhu fdslwdo lqyhvwphqw qru U)G dfwlylwlhv frqvwlwxwh olqnv iurp rqh shulrg wr wkh
qh{w1 Wkh rqo| vrxufh ri fkdqjh ryhu wlph lv h{rjhqrxv whfkqrorjlfdo fkdqjh1
 6h4t
Lq hdfk vhfwru l @ 4> 5/ upv surgxfh frqvxpswlrq jrrg l xvlqj erwk idfwru lqsxwv m @ 4> 51
































lv hpsor|phqw ri idfwru m lq lqgxvwu| l1 
￿
￿
uhhfwv wkh hyroxwlrq ri surgxfwlylw| ri
idfwru m lq vhfwru l ryhu wlph w1 Zkloh 
￿
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￿ A 41 L
uhvwulfw wkh dqdo|vlv wr vxevwlwxwlrq hodvwlflwlhv odujhu wkdq rqh ehfdxvh +l, wklv lv wkh fdvh
zkhuhdoohjhgo|idfwru0eldvhg whfkqrorjlfdo fkdqjh ohdgv wr dq lqfuhdvh lq idfwru sulfh
lqhtxdolw|/ +ll, lw vhhpv wr eh wkh hpslulfdoo| uhohydqw vfhqdulr +vhh/ hj/ Dxwru/ Ndw}/ dqg
Nuxhjhu +4<<;,,/ dqg +lll, lw hqdeohv ph wr xvh d vlpsohu vshflfdwlrq ri wkh whfkqrorj|





















wdnlqj wkh sulfh ri frqvxpswlrq jrrg l/ s








Hdfk lqsxw idfwru m @ 4> 5 lv vxssolhg e| d frqwlqxxp ri pdvv rqh ri krprjhqhrxv lqgl0
ylgxdov zkr ghulyh xwlolw| iurp frqvxplqj wkh wzr qdo jrrgv l @ 4> 51 Hdfk lqglylgxdo ri
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<vnloo w|sh m vxssolhv lqhodvwlfdoo| rqh xqlw ri lqsxw idfwru m1 Lqglylgxdo idfwru vxsso| O
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lv frqvxpswlrq ri qdo jrrg l e| d w|sh m frqvxphu1 Wkh hodvwlflw| ri vxevwlwx0
wlrq ehwzhhq wkh wzr frqvxpswlrq jrrgv lv  @ 4@ +4  ,1 Vlqfh wkhuh lv qr fdslwdo lq wkh
prgho hfrqrp|/ wkh hqwluh surgxfwlrq lv frqvxphg lqvwdqwdqhrxvo|/ vr wkdw lqwhuwhpsrudo
vxevwlwxwlrq lv qrw srvvleoh1 Ilupv gr qrw lqyhvw dqg frqvhtxhqwo|/ frqvxphuv gr qrw vdyh1
Wkhuhiruh/ pd{lpl}dwlrq ri olihwlph xwlolw| lv htxlydohqw wr shulrg0zlvh pd{lpl}dwlrq ri
shu0shulrg0xwlolw| dqg glvfrxqwlqj lv luuhohydqw1 Doo frqvxphuv krog htxdo vkduhv ri doo
upv1 Frqvxphuv pd{lpl}h xwlolw| vxemhfw wr wkh exgjhw frqvwudlqw wkdw frqvxpswlrq
h{shqglwxuhv pxvw htxdo idfwru lqfrph z
￿













/ m @ 4> 5 +7,
 Bi?ih@* ,^*Mh4
Ghpdqgv dqg vxssolhv ri frqvxpswlrq jrrgv dqg idfwruv duh frruglqdwhg wkurxjk sulfhv
rq uhvshfwlyh pdunhwv1 Krxvhkrogv dqg upv dfw dv sulfh wdnhuv rq doo pdunhwv1




































































wkdw vdwlvi| wkh iroorzlqj frqgl0
wlrqv=











































pd{lpl}hv wkh xwlolw| +6, ri hdfk krxvhkrog ri w|sh m @
4> 5 xqghu wkh exgjhw frqvwudlqw +7,1




































pd{lpl}hv surwv +5, ri hdfk up lq vhfwru l @ 4> 51
 +Pdunhw Fohdulqj,=




























































































































































































































































Surri1 Vhh Dsshqgl{ D141
Zlwklq wkh iudphzrun ri wklv jhqhudo wzr0vhfwru/ wzr0idfwru prgho/ L zloo qrz glvfxvv wkh
hhfwv ri vnloo0eldvhg whfkqrorjlfdo fkdqjh rq wkh zdjh vwuxfwxuh1
e 5Lh| @?_ wL?}+? ,giU|t Lu 5!**@ti_ AiU?L*L}U@*
@?}i
Lq wklv vhfwlrq/ L frqvlghu wkh vkruw0 dqg orqj0uxq hhfwv ri vnloo0eldvhg whfkqrorjlfdo
fkdqjh lq dq hfrqrp| zlwk wzr vhfwruv/ pdqxidfwxulqj +l @ p, dqg vhuylfhv +l @ v,/ dqg
wzr surgxfwlrq idfwruv/ xqvnloohg +m @ x, dqg vnloohg oderu +m @ v,1 L dvvxph wkdw whfkqlfdo
surjuhvv lv vorz lq wkh vhuylfh vhfwru1
￿
￿
Lq wkh pdqxidfwxulqj vhfwru/ whfkqlfdo surjuhvv lv
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44Whfkqrorjlfdo fkdqjh dhfwv rqo| pdqxidfwxulqj +vhfwru p, dqg zklwklq pdqxidfwxulqj
rqo| wkh surgxfwlylw| ri vnloohg oderu +idfwru v,1 Vnloohg zrunhuv kdyh d surgxfwlylw|
dgydqwdjh  A 4 lq erwk vhfwruv1 Ixuwkhupruh/ L qrupdol}h wkh sulfh ri wkh pdqxidfwxuhg
jrrg wr s





























Xqvnloohg oderu*v surgxfwlylw| lv qrw dhfwhg dw doo e| whfkqlfdo surjuhvv1 Vnloohg oderu
ehqhwv iurp whfkqlfdo surjuhvv rqo| zkhq hpsor|hg lq pdqxidfwxulqj1 Wkh txhvwlrq ri
lqwhuhvw lq wklv vhwwlqj lv zkhwkhu ru qrw whfkqlfdo surjuhvv +ru lwv devhqfh, fdxvhv wkh
uhodwlyh zdjh ri xqvnloohg oderu wr idoo wr 31
e2 ?@*)tt























































































Wkh doorfdwlrq ri oderu ghshqgv rq wkh hyroxwlrq ri wkh uhodwlyh sulfh iru vhuylfhv/ s dqg wkh
udwh ri whfkqrorjlfdo fkdqjh/ 1 Xqvnloohg zrunhuv gr qrw ehqhw iurp whfkqlfdo surjuhvv
lq hlwkhu vhfwru1 Wkhuhiruh/ wkh hyroxwlrq ri wkh uhodwlyh jrrgv sulfh dorqh ghwhuplqhv wkh
pdujlqdo ydoxh ri xqvnloohg oderu lq erwk vhfwruv1 Li wkh uhodwlyh sulfh iru vhuylfhv lqfuhdvhv/
xqvnloohg zrunhuv pryh wr wkh vhuylfh vhfwru1
￿
￿
Vnloohg zrunhuv pryh wr wkh vhfwru zkhuh
wkhlu pdujlqdo ydoxh lqfuhdvhv idvwhu1 Li wkh uhodwlyh sulfh ri vhuylfhv lqfuhdvhv idvwhu wkdq
whfkqlfdo surjuhvv lq pdqxidfwxulqj +dw udwh   , vnloohg zrunhuv pryh wr vhuylfhv1 Li s
lqfuhdvhv dw d udwh vorzhu wkdq    wkhq vnloohg zrunhuv pryh wr pdqxidfwxulqj1
















































Dv glvfxvvhg lq wkh lqwurgxfwlrq/ wkh uhodwlyh jrrgv sulfh lv dv lpsruwdqw dv wkh uhodwlyh
surgxfwlylw| lq ghwhuplqlqj wkh uhodwlyh zdjh1 Li wkh jrrgv sulfhv zhuh h{rjhqrxv +ru li
jrrgv ghpdqg zdv shuihfwo| hodvwlf dqg dozd|v dgmxvwhg wr fkdqjhv lq vxsso|, wkhq vnloo0
eldvhg whfkqrorjlfdo fkdqjh + A 3, zrxog gulyh wkh uhodwlyh zdjh grzq wr }hur1 Exw lq
wklv vhwwlqj/ jrrgv sulfhv duh hqgrjhqrxv dqg jrrgv ghpdqg lv qrw shuihfwo| hodvwlf1 Li wkh
uhodwlyh jrrgv sulfh s lqfuhdvhv idvw hqrxjk +dw d udwh idvwhu wkdq   ,/ wkhq wkh uhodwlyh
idfwru sulfh grhv qrw frqyhujh wr }hur/ exw wr
￿
￿
￿ 1 Idfwru sulfh lqhtxdolw| grhv qrw lqfuhdvh
hqgohvvo| lq wkdw fdvh/ ehfdxvh wkh sulfh lqfuhdvh lq vhuylfhv +iurp zklfk xqvnloohg zrunhuv
ehqhw vxshusursruwlrqdoo|, pdnhv xs iru wkh odfn ri surgxfwlylw| jdlqv1
￿
￿
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Wkh hyroxwlrq ri wkh uhodwlyh jrrgv sulfh ryhu wlph dv jlyhq lq +44, lv udwkhu frpsoh{1 Exw
lw frqyhujhv idluo| txlfno| wr dq h{srqhqwldo jurzwk sdwk zkhuh wkh jurzwk udwh ghshqgv
rq wkh hodvwlflw| ri vxevwlwxwlrq lq frqvxpswlrq ghpdqg1
Sursrvlwlrq 5 Wkh olplw ri wkh jurzwk udwh ri wkh uhodwlyh jrrgv sulfh dv d ixqfwlrq ri
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Surri1 Vhh Dsshqgl{ D151
Li wkh jrrgv duh shuihfw vxevwlwxwhv + @ 4, wkh uhodwlyh sulfh pxvw eh frqvwdqw dqg
htxdo wr 41 Li wkh frqvxpswlrq jrrgv duh shuihfw frpsohphqwv + @ 3,> lh/ li frqvxphuv
dozd|v zdqw wr frqvxph erwk jrrgv lq d {hg udwlr/ wkh uhodwlyh sulfh ri wkh vhuylfh jrrg
+zklfk grhv qrw ehqhw iurp whfkqlfdo surjuhvv, lqfuhdvhv dw d udwh htxdo wr  +wkxv idvwhu




ri wkh hodvwlflw| ri vxevwlwxwlrq ehwzhhq wkh frqvxpswlrq jrrgv/ wkh uhodwlyh jrrgv sulfh
lqfuhdvhv dw d udwh ehwzhhq 3 dqg 1 Li wkh vxevwlwxwdelolw| ehwzhhq wkh frqvxpswlrq
jrrgv lv vxflhqwo| orz/ wkhq ghpdqg iru vhuylfhv lqfuhdvhv dv shrsoh jhw ulfkhu wkdqnv
wr whfkqlfdo surjuhvv lq wkh pdqxidfwxulqj vhfwru1 Lq jhqhudo htxloleulxp/ wkh ehqhwv
iurp whfkqlfdo surjuhvv lq wkh pdqxidfwxulqj vhfwru _wulfnoh grzq% wr wkh vhuylfh vhfwru
wkurxjk frqvxpswlrq ghpdqg1 Shrsoh duh zloolqj wr sd| dq hyhu kljkhu sulfh iru vhuylfhv
+uhodwlyh wr pdqxidfwxulqj, li wkh| fdqqrw vxevwlwxwh hdvlo| ehwzhhq wkh jrrgv1 Wklv kdv
frqvhtxhqfhv iru wkh uhodwlyh zdjh1 Soxjjlqj +45, lqwr +43, |lhogv wkh olplw ri wkh uhodwlyh
zdjh dv suhvhqwhg lq wkh iroorzlqj sursrvlwlrq=
￿
￿
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Djdlq/ wkh vxevwlwxwdelolw| ehwzhhq wkh frqvxpswlrq jrrgv lv fuxfldo1 Li wkh frqvxpswlrq
jrrgv duh shuihfw vxevwlwxwhv + @ 4,/ wkh uhodwlyh sulfh iru vhuylfhv fdqqrw jurz1 Wkh
hyroxwlrq ri zdjhv lv ghwhuplqhg vroho| e| whfkqlfdo surjuhvv iurp zklfk rqo| vnloohg
zrunhuv ehqhw1 Wkh uhodwlyh zdjh ri xqvnloohg zrunhuv idoov wr }hur1 Zdjh lqhtxdolw| jurzv
zlwkrxw erxqgv1 Li rq wkh rwkhu kdqg/ wkh frqvxpswlrq jrrgv duh shuihfw frpsohphqwv
+ @ 3,/ shrsoh zdqw wr frqvxph wkhvh jrrgv lq {hg sursruwlrqv1 Wkhlu zloolqjqhvv wr
sd| iru vhuylfhv jurzv idvwhu zlwk wkhlu lqfrphv1 Lq wkh orqj uxq/ xqvnloohg zrunhuvzkr
kdyh d frpsdudwlyh dgydqwdjh lq vhuylfhvehqhw iurp wklv sulfh lqfuhdvh1 Wkhlu uhodwlyh
zdjh lqfuhdvhvdqg zdjh lqhtxdolw| idoovwr lwv lqlwldo ohyho1 Dv orqj dv wkh hodvwlflw| ri
vxevwlwxwlrq ehwzhhq wkh wzr frqvxpswlrq jrrgv lv qrw odujhu wkdq 4> wkh uhodwlyh zdjh
frqyhujhv wr d srvlwlyh frqvwdqw dqg zdjh lqhtxdolw| grhv qrw lqfuhdvh zlwkrxw olplwv1
Wkh dqdo|vlv ri olplwv dv wlph jrhv wr lqqlw| pd| vhhp vrphzkdw rgg lq wklv frqwh{w
ehfdxvh lq wkh orqj uxq zh duh doo ghdg1 Exw qrwh wkdw wkh olplw ri wkh uhodwlyh zdjh
frqvwlwxwhv d orzhu erxqg= Hyhq li whfkqrorjlfdo fkdqjh frqwlqxhv wr eh vnloo0eldvhg iruhyhu/
lq wklv vhwwlqj/ wkh uhodwlyh zdjh zloo qhyhu idoo ehorz  $ li wkh vxevwlwxwlrq hodvwlflw| lv qrw
kljkhu wkdq 41 Rq wkh wudqvlwlrq sdwk/ wkh uhodwlyh zdjh zloo dozd|v eh deryh wkdw ydoxh1
Wklv lv wkh zd| rqh vkrxog lqwhusuhw wkhvh olplwv1 Wkh qh{w vxevhfwlrq frqvlghuv wkh
hyroxwlrq ri zdjh lqhtxdolw| lq wkh vkruw0uxq1
ee 5Lh|+? i@Lh Lu |i ,^*Mh4 |UL4it
Lq wkh suhylrxv vxevhfwlrq/ lw lv vkrzq wkdw xqghu sodxvleoh dvvxpswlrqv/ zdjh lqhtxdolw|
zloo qrw lqfuhdvh eh|rqg olplwv hyhq li whfkqrorjlfdo fkdqjh frqwlqxhv wr eh vnloo0eldvhg iru
hyhu1 Lq wklv vxevhfwlrq/ L frqvlghu wkh vkruw0uxq hyroxwlrq ri sulfhv dqg txdqwlwlhv1 Iljxuh
4 ghslfwv wkh hyroxwlrq ryhu wlph ri wkh uhodwlyh zdjh ri xqvnloohg zrunhuv dv d ixqfwlrq ri
wkh hodvwlflw| ri vxevwlwxwlrq lq frqvxpswlrq ghpdqg1 Zdjh lqhtxdolw| uvw lqfuhdvhv dv
wkh uhodwlyh zdjh iru xqvnloohg oderu idoov1 Exw diwhu vrph wlph/ wkh uhodwlyh zdjh ehjlqv wr
ulvh djdlq dqg zdjh lqhtxdolw| idoov1 Wkh vpdoohu lv wkh vxevwlwxwlrq hodvwlflw|/ wkh hduolhu
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Iljxuh 4=Vlpxodwlrq ri wkh hyroxwlrq ri wkh uhodwlyh zdjh iru xqvnloohg oderu/ $/ +yhuwlfdo d{lv,
ryhu wlph dv d ixqfwlrq ri wkh vxevwlwxwlrq hodvwlflw| lq idfwru ghpdqg iru @5> @3=4> @3=81
Zkdw duh wkh uhdvrqv iru wkhvh qrq0prqrwrqlf g|qdplfvB Wkhuh duh wzr frxqwhu0
dfwlqj irufhv lq wkh ghwhuplqdwlrq ri wkh uhodwlyh idfwru sulfh= Wkh hyroxwlrq ri uhodwlyh
surgxfwlylwlhv +errvwlqj zdjh lqhtxdolw|, dqg wkh hyroxwlrq ri wkh uhodwlyh jrrgv sulfh
+gdpshqlqj zdjh lqhtxdolw|,1 Dw uvw/ wkh hhfw ri zlghqlqj glvsdulwlhv lq surgxfwlylwlhv
grplqdwhv= Zdjh lqhtxdolw| ulvhv1 Odwhu rq/ wkh hhfw ri wkh lqfuhdvlqj uhodwlyh sulfh ri
vhuylfhv grplqdwhv1 Zdjh lqhtxdolw| idoov djdlq1 Zk| lv wklvB
Vwduwlqj iurp dq doorfdwlrq zkhuh xqvnloohg dqg vnloohg zrunhuv duh doorfdwhg udwkhu
hyhqo| dfurvv vhfwruv/ glvsdulwlhv lq wkh hyroxwlrq ri jrrgv vxsso| +zklfk idyruv pdqxidf0
wxulqj, dqg ghpdqg +zklfk suhihuv htxdo sursruwlrqv, fdq eh dffrpprgdwhg e| uhdoorfd0
wlrq ri oderu wrzdugv wkh vhuylfh vhfwru zlwkrxw vxevwdqwldo fkdqjhv lq jrrgv sulfhv1 Dv
wlph jrhv rq dqg hyhu ihzhu zrunhuv uhpdlq lq pdqxidfwxulqj pruh vxevwdqwldo fkdqjhv
lq sulfhv dqg zdjhv duh qhhghg/ wr vwloo dwwudfw wr wkh vhuylfh vhfwru1
Wklv sdwwhuq ri lqfuhdvlqj dqg ghfuhdvlqj zdjh lqhtxdolw| lv frqvlvwhqw zlwk wkh hyrox0
wlrq ri wkh vnloo0vshflf zdjh vwuxfwxuh dqg vhfwrudo hpsor|phqw lq wkh 4<;3v dqg 4<<3v1
D #tUttL? Lu |i +it*|t @?_ L?U*tL?
Wkh dlp ri wklv sdshu lv wr vkrz wkdw vnloo0eldvhg whfkqrorjlfdo fkdqjh grhv qrw qhfhvvdulo|
lpso| lqfuhdvlqj zdjh lqhtxdolw|1 Wkh uhdvrq lv wkdw zdjhv ghshqg qrw rqo| rq surgxfwlylw|
exw dovr rq jrrgv sulfhv1 Lq rwkhu zrugv= Idfwru sulfhv ghshqg qrw rqo| rq wkh whfkqrorj|
ri upv exw dovr rq wkh suhihuhqfhv ri frqvxphuv1 Wkh uroh ri frqvxphuv* suhihuhqfhv kdv
48vr idu ehhq qhjohfwhg lq wkh olwhudwxuh1 Wkh uhvxowv ri wkh sdshu duh fruurerudwhg e| wkh
hyroxwlrq ri wkh zdjh vwuxfwxuh lq wkh 4<;3v dqg 4<<3v1
Edvlf Vwru|
Whfkqlfdo surjuhvv ohdgv wr odujh surgxfwlylw| jdlqv lq pdqxidfwxulqj exw pxfk ohvv vr
lq vhuylfhv1 Dv vhuylfhv dqg pdqxidfwxuhg jrrgv duh frpsohphqwv lq frqvxpswlrq/ ulvlqj
lqfrphv +eurxjkw derxw e| surgxfwlylw| jdlqv lq pdqxidfwxulqj, ohdg wr lqfuhdvlqj ghpdqg
iru pdqxidfwxuhg jrrgv dqg vhuylfhv1 Ehfdxvh surgxfwlylw| ulvhv idvwhu lq pdqxidfwxulqj/
dq lqfuhdvh lq surgxfwlrq lq erwk vhfwruv uhtxluhv wkdw oderu vkliwv wr vhuylfhv1 Dv wkh
surgxfwlrq ri vhuylfhv lv lqwhqvlyh lq wkh xvh ri xqvnloohg oderu/ wkh uhodwlyh ghpdqg iru
xqvnloohg oderu ulvhv dqg zdjh lqhtxdolw| ghfolqhv1 Wkh pdjqlwxgh ri wklv hhfw ghshqgv
rq wkh hodvwlflw| ri vxevwlwxwlrq ehwzhhq vhuylfhv dqg pdqxidfwxuhg jrrgv1 E| vhuylfhv/ L
phdq hvshfldoo| vhuylfhv wkdw gr qrw uhtxluh vshflf vnloov dqg gr qrw ehqhw juhdwo| iurp
whfkqrorjlfdo lqqrydwlrqv1 Lq sduwlfxodu/ vrph edvlf xqvnloohg vhuylfhv vhhp wr pdwfk wkhvh
uhtxluhphqwv1 Wklqn ri krxvh fohdqlqj/ odzq przlqj/ vkrh0vklqlqj/ fdu zdvklqj/ lurqlqj/
zdonlqj grjv/ sl}}d dqg gulqnv gholyhu|/ hwf1 Wkhvh vhuylfhv gr qrw uhtxluh vshfldo vnloov
dqg wkh| gr qrw juhdwo| ehqhw iurp whfkqlfdo surjuhvv1 Lq dgglwlrq/ wkhvh vhuylfhv duh
fhuwdlqo| frpsohphqwv udwkhu wkdq vxevwlwxwhv wr rwkhu jrrgv1 Wkh lghd lv wkdw ex|lqj
wkhvh jrrgv lv htxlydohqw wr ex|lqj ohlvxuh wlph1 Dqg zlwk lqfuhdvlqj zdjhv/ ohlvxuh wlph
ehfrphv pruh ydoxdeoh vr wkdw shrsoh duh zloolqj wr sd| d kljkhu sulfh iru vhuylfhv wkdw
doorz wkhp wr hqmr| pruh ohlvxuh wlph1
￿
￿
Wkh vl}h ri wklv vhfwru ri edvlf vhuylfhv pljkw
vhhp wrr vpdoo wr kdyh dq| vljqlfdqw hhfw1 Rq wkh rwkhu kdqg/ wkh srwhqwldo vl}h ri wklv
vhfwru lv suredeo| e| idu odujhu wkdq lw uvw dsshduv1 Dqglq dgglwlrq wr wkhvh vhuylfhv wr
sulydwh krxvhkrogvwkhuh lv dq hyhq pxfk odujhu ghpdqg iru vhuylfhv wr upv wkdw gr qrw
uhtxluh vshfldo vnloov hlwkhu1 Wklqn ri rfh0fohdqlqj/ zlqgrz fohdqlqj/ fdu0sdun dwwhqgdqwv/
elf|foh phvvhqjhuv/ fdoo fhqwhuv/ idfwru| fdqwhhq vwd/ hwf1 Dqg qdoo|/ uhphpehu iurp
Vhfwlrq 5 wkdw= _111wkh qxpehu ri kdluguhvvhuv juhz pruh wkdq 633 shu fhqw ehwzhhq 4<<5
dqg 4<<<1 Wkdw zdv pruh wkdq wkuhh wlphv wkh jurzwk ri frqvxowdqwv 111%
￿
￿
Vnloo0Eldvhg W hfkqrorjlfdo Fkdqjh dqg Ghfuhdvlqj Z djh Lqhtxdolw| lq wkh
4<<3v
Wkhuh lv d jurzlqj olwhudwxuh rq wkh qduurzlqj ri wkh hgxfdwlrqdo zdjh vwuxfwxuh lq wkh
4<<3v1 Wkh hpslulfdo hylghqfh vhhpv xqfrqwuryhuvldo1 Wkhruhwlfdo h{sodqdwlrqv iru wklv
hyroxwlrq duh dv |hw lqfrqfoxvlyh dqg glvfrqwhqwlqj1 Vrph dujxh lq wkh wudglwlrq ri Grx0
jodv +4<59, dqg Wlqehujhq +4<:8, zkr ylhz wkh hyroxwlrq ri wkh zdjh vwuxfwxuh +dw ohdvw
￿
￿
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49sduwldoo|, dv ghshqglqj rq d udfh ehwzhhq whfkqrorjlfdo ghyhorsphqw dqg hgxfdwlrqdo dg0
ydqfh1 Exw wklv ylhz lv lqfrqvlvwhqw zlwk wkh idfw wkdw gxulqj wkh 4<<3v/ wkh jurzwk lq
wkh uhodwlyh vxsso| ri vnloohg zrunhuv vorzhg grzq1 Rwkhuv fdoo lqwr txhvwlrq wkh uroh ri
vnloo0eldvhg whfkqrorjlfdo fkdqjh iru wkh hyroxwlrq ri wkh zdjh vwuxfwxuh dowrjhwkhu1 Lq wkdw
fdvh/ wkh hyroxwlrq ri wkh vnloo0suhplxp lq wkh 4<;3v uhpdlqv lq qhhg ri dq h{sodqdwlrq1








shufhqwloh ri wkh X1V1
zdjh glvwulexwlrq1 Vrxufh= Ehuqvwhlq dqg Plvkho +4<<<,/ Fxuuhqw Srsxodwlrq Vxuyh|1
Lq wklv sdshu/ L dujxh wkdw vnloo0eldvhg whfkqrorjlfdo fkdqjh fdq h{sodlq erwk/ wkh
zlghqlqj ri wkh zdjh vwuxfwxuh lq wkh 4<;3v dqg wkh vxevhtxhqw qduurzlqj lq wkh 4<<3v1
Z djh Lqhtxdolw| lq wkh 4<<3v Urvh dw wkh W rs dqg I hoo dw wkh Erwwrp




Wkh| irxqg wkdw zkloh wkh jds ehwzhhq wkh <3wk shufhqwloh dqg wkh 43wk
shufhqwloh uhpdlqhg idluo| vwdeoh ryhu wkh 4<<3v/ wkh jds ehwzhhq wkh <3wk shufhqwloh
dqg wkh 83wk shufhqwloh zlghqhg ixuwkhu zkhuhdv wkh jds ehwzhhq wkh 83wk dqg wkh 43wk
shufhqwloh qduurzhg +vhh Iljxuh 6,1 Dovr/ wkh suhplxp iru judgxdwh ghjuhhv yv1 7 |hduv
ri froohjh kdv lqfuhdvhg ixuwkhu lq wkh 4<<3v zkloh wkh suhplxp iru 7 |hduv ri froohjh yv1
d kljk vfkrro ghjuhh kdv ohyhohg r1 Ehuqvwhlq dqg Plvkho frqfoxgh wkdw wkh sx}}olqj
hylghqfh ri wkh 4<<3v lqydolgdwhv wkh _vnloo0eldvhg whfkqrorjlfdo fkdqjh k|srwkhvlv% dv dq
h{sodqdwlrq iru wkh lqfuhdvlqj zdjh lqhtxdolw| lq wkh 4<;3v=
_Wkh idloxuh ri wkh qhz hfrqrp| wr jhqhudwh d vxujh lq wkh uhodwlyh ghpdqg iru
￿
￿
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4:vnloo fdvwv grxew rq wkh lqwhusuhwdwlrq ri wkh hduolhu jurzwk ri zdjh lqhtxdolw|
dv ehlqj whfkqrorj|0gulyhq1%
Dqrwkhu lqwhusuhwdwlrq ri wkh frlqflghqfh ri jurzlqj zdjh glvshuvlrq dw wkh wrs dqg idoolqj
zdjh glvshuvlrq dw wkh erwwrp ri wkh zdjh glvwulexwlrq lv frqvlvwhqw zlwk wkh prgho suh0
vhqwhg lq wklv sdshu= Zrunhuv zlwk phglxp dqg kljk vnloov zrun lq wkh vdph vhfwruv +zklfk
ehqhw iurp whfkqlfdo surjuhvv,1 Vr/ fkdqjhv lq uhodwlyh sulfhv lqgxfhg e| whfkqrorjlfdo
fkdqjh dhfw wkhp v|pphwulfdoo|1 Lq rwkhu zrugv/ zrunhuv zlwk phglxp vnloov gr qrw
ehqhw pxfk iurp vnloo0eldvhg whfkqrorjlfdo fkdqjh dqg wkh| gr qrw ehqhw iurp ulvlqj
sulfhv iru wkh xqvnloo0lqwhqvlyh jrrgv hlwkhu1
Wkh Glhuhqfh ehwzhhq Kdluguhvvhuv dqg +rwkhu, Xqvnloohg Zrunhuv
Lq Vhfwlrq 5/ wkh h{dpsoh ri kdluguhvvlqj lv jlyhq dv dq looxvwudwlrq ri krz xqvnloohg zrun0
huv fdq ehqhw iurp vnloo0eldvhg whfkqrorjlfdo fkdqjh wkurxjk uhodwlyh sulfh fkdqjhv1 \ hw/
xqolnh wkh kdluguhvvhuv/ wkh +rwkhu, xqvnloohg zrunhuv vdz wkhlu uhodwlyh zdjhv gurs iru
urxjko| d ghfdgh ehiruh wkh| ehjdq wr ulvh djdlq lq wkh plg 4<<3v1 Zkdw lv glhuhqw eh0
wzhhq kdluguhvvhuv dqg rwkhu xqvnloohg zrunhuvB Wkh glhuhqfh lv wkdw kdluguhvvhuv gr qrw
frpshwh zlwk vnloohg zrunhuv zlwklq wkh vdph vhfwru +zkhuh uhodwlyh surgxfwlylwlhv dorqh




+Rwkhu, xqvnloohg zrunhuv frpshwh zlwk vnloohg zrunhuv dfurvv dqg zlwklq
vhfwruv1 Vr/ xqvnloohg zrunhuv duh idflqj wzr frxqwhudfwlqj irufhv= Vnloo0eldvhg whfkqr0
orjlfdo fkdqjh kdupv wkhlu uhodwlyh srvlwlrq zlwklq vhfwruv dqg fkdqjhv lq uhodwlyh jrrgv
sulfhvlqgxfhg e| d vhfwru0eldv djdlqvw xqvnloo0lqwhqvlyh jrrgvlpsuryh wkhlu uhodwlyh
srvlwlrq dfurvv vhfwruv1 Ryhu wlph/ wkh gluhfw whfkqrorj| hhfw +errvwlqj zdjh lqhtxdolw|,
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H{lvwhqfh ri wkh Htxloleulxp Jlyhq e| +8, lq Sursrvlwlrq 4





































































































































































Wkh ohiw kdqg vlgh ri wkh htxdwlrq +OKV, lv uhodwlyh ghpdqg iru jrrg 4 dqg wkh uljkw kdqg
vlgh +UKV, lv uhodwlyh vxsso| ri jrrg 4> erwk dv ixqfwlrqv ri wkh uhodwlyh jrrgv sulfh1 Dw
s @ 3> uhodwlyh ghpdqg iru jrrg 4 lv lqqlwh dqg uhodwlyh vxsso| lv 3= OKV +3, @ 4 A
UKV +3, @ 31 Wkh olplw ri uhodwlyh ghpdqg iru s $ 4 lv 3 zkloh wkh olplw ri uhodwlyh










￿ UKV +s, @ 41 Erwk vlghv
ri wkh htxdwlrq duh frqwlqxrxv lq s1 Wkhuhiruh/ dw ohdvw rqh s pxvw h{lvw wkdw pdnhv erwk
vlghv htxdo1 Wklv hvwdeolvkhv wkh h{lvwhqfh ri wkh jhqhudo htxloleulxp1
Xqltxhqhvv ri wkh Htxloleulxp Jlyhq e| +8, lq Sursrvlwlrq 4
Wkh ohiw kdqg vlgh ri +8, lv prqrwrqrxvo| ghfuhdvlqj lq s zkloh wkh uljkw kdqg vlgh lv
prqrwrqrxvo| lqfuhdvlqj lq s1 Wkxv/ li dq htxloleulxp h{lvwv/ lw pxvw eh xqltxh1 
2 hLLu Lu hLTLt|L? 2
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hdvlo| eh fkhfnhg e| vxevwlwxwlqj wkhvh ydoxhv lqwr htxdwlrq +44, dqg wdnlqj olplwv dv wlph
jrhv wr lqqlw|1 Iurp Sursrvlwlrq 4 iroorzv wkdw wkhvh olplwv duh wkh xqltxh vroxwlrqv wr
+44, dv wlph jrhv wr lqqlw|1 
4<+iuihi?Uit
Wj6N},e $ +5335,= _Whfkqlfdo Fkdqjh/ Lqhtxdolw|/ dqg wkh Oderu Pdunhw/% Mrxuqdo
ri Hfrqrplf Olwhudwxuh/ 73/ :~:51
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BiN,e BAa  DBiW  @Bj AB,NtB +4<<<,= _Lqhtxdolw| dqg Hfrqrplf
Jurzwk= Wkh Shuvshfwlyhv ri wkh Qhz Jurzwk Wkhrulhv/% Mrxuqdo ri Hfrqrplf Olwhud0
wxuh/ 6:+7,/ 4948~49941
|Nie $ Qe w 8 lB|5e BAa   lij}ji +4<<;,= _Frpsxwlqj Lqhtxdolw|= Kdyh
Frpsxwhuv Fkdqjhg wkh Oderu PdunhwB/% Txduwhuo| Mrxuqdo ri Hfrqrplfv/ 446+7,/ 449<
~ 45461
jiAt|jAe ce BAa w tj, +4<<<,= _Z djhv Jdlq Jurxqg/% HSL Lvvxh Eulhi/ 45<1
Biae $e BAa c . $BiaN +5335,= _Vnloo Eldvhg Whfkqrorjlfdo Fkdqjh dqg Ulvlqj
Zdjh Lqhtxdolw|= Vrph Sureohpv dqg Sx}}ohv/% Mrxuqdo ri Oderu Hfrqrplfv/ 53+7,/
:66~:;61
$B,+e e BAa - X B,,j||B +5336,= _Hduqlqjv Lqhtxdolw| dqg Hduqlqjv Prelolw| lq wkh
X1V1/% IUEVI Hfrqrplf Ohwwhu/ 533605;/ 4~61
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Fhqwuh iru Hfrqrplf Shuirupdqfh GS/ Qr1 839/ Orqgrq Vfkrro ri Hfrqrplfv1
$N},Bte  +4<59,= _Zkdw lv Kdsshqlqj wr wkh Zklwh0Froodu0Mre0PdunhwB/% V|vwhp=
Wkh Pdjd}lqh ri Exvlqhvv1
DN||tWB,"e e BAa C  76jjaA} +4<<:,= _Furvv Qdwlrqdo Frpsdulvrq ri Hduq0
lqjv dqg Lqfrph Lqhtxdolw|/% Mrxuqdo ri Hfrqrplf Olwhudwxuh/ 68+5,/ 966~9:;1
Dij}}e e BAa  BAAA} +4<<:,= _Vnloo0Eldvvhg Fkdqjh/ Xqhpsor|phqw dqg Zdjh
Lqhtxdolw|/% Hxurshdq Hfrqrplf Uhylhz/ 74+9,/ 44:6 ~ 45331
QBt"j,e c . +5333,= _Wudgh dqg Oderu Dssurdfkhv wr Zdjh Lqhtxdolw|/% Uhylhz ri
Lqwhuqdwlrqdo Hfrqrplfv/ ;+6,1
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qlfdo Fkdqjh H{sodlq Fkdqjlqj Vnloo SuhpldB/% Hxurshdq Hfrqrplf Uhylhz/ 79+43,/
4:8:~4:;61
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lq Xqghuvwdqglqj wkh Gljlwdo Hfrqrp|= Gdwd/ Wrrov/ dqg Uhvhdufk/ hg1 e| H1 Eu|q0
mroivvrq/ dqg E1 Ndklq/ ss1 54:~577/ Fdpeulgjh/ PD1 PLW Suhvv1
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Fkdqjh= Wkhru| dqg Frxqwu| H{shulhqfh/% Dphulfdq Hfrqrplf Uhylhz/ ;9+5,/ 63< ~
6471
+4<<:,= _Lq Vhdufk ri Vwroshu0Vdpxhovrq Hhfwv rq X1V1 Zdjhv/% lq H{sruwv/
Lpsruwv dqg X1V1 Zdjhv/ hg1 e| V1 Froolqv/ yro1 875:/ Zdvklqjwrq/ GF1 Eurrnlqjv
Lqvwlwxwlrq1
wj+e 8e BAa - c iABAj +4<<5,= _X1V1 Hduqlqjv Ohyhov dqg Hduqlqjv Lqhtxdolw|= D
Uhylhz ri Uhfhqw Wuhqgv dqg Sursrvhg H{sodqdwlrqv/% Mrxuqdo ri Hfrqrplf Olwhudwxuh/
63/ 4666~46;41
BWAe 7 +5335,= _Oderxu Pdunhw Lqhtxdolw| dqg Fkdqjhv lq wkh Uhodwlyh Ghpdqg
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X1V1= Grhv LW0Ohg Jurzwk Ohdg wr Zdjh Lqhtxdolw|B/% Sdshu suhvhqwhg dw LUSS0FVOV
Frqihuhqfh/ Rwwdzd/ Fdqdgd/ Hfrqrplf Srolf| Lqvwlwxwh/ Zdvklqjwrq1
iV+e le BAa 8 bj,W +5334,= _Zdjh Glhuhqwldov lq wkh 4<<3v= Lv wkh Jodvv
Kdoi0Ixoo ru Kdoi0Hpsw|B/% lq Wkh Fdxvhv dqg Frqvhtxhqfhv ri Lqfuhdvlqj Lqhtxdolw|/
hg1 e| I1 U1 Zhofk/ ss1 674 ~ 6971 Xqlyhuvlw| ri Fklfdjr Suhvv1
Bte -e BAa Q w 8 aj DiNN| +5336,= _Ulvlqj Vnloo Suhpld= \ rx Dlq*w Vhhq
Qrwklqj \hwB/% FSE Glvfxvvlrq Sdshu/ Qu1 531 FSE Qhwkhuodqgv Exuhdx iru Hfrqrplf
Srolf| Dqdo|vlv/ Wkh Kdjxh/ Wkh Qhwkhuodqgv1
W"j,,e 7 +5337,= _Sryhuw| dqg Z runohvvqhvv lq Eulwdlq/% Wkh Hfrqrplf Mrxuqdo/
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iBtBae . 7 +5335,= _Zdjh Lqhtxdolw| lq wkh Xqlwhg Nlqjgrp/ 4<:804<<</% L]D GS/
Qr1 843/ Lqvwlwxwh iru wkh Vwxg| ri Oderxu +L]D,/ Erqq1
7,B}|jie  ce BAa c . QBt"j, +4<<<,= _Whfkqrorjlfdo Fkdqjh dv d Gulylqj Irufh
ri Ulvlqj Lqfrph Lqhtxdolw|/% lq Joredol}dwlrq dqg Oderu/ hg1 e| K1 Vlhehuw/ ss1 48:~4;31
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